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Abstract
OBJECTIVE: Apply spectral clustering to analyze
the patterns of symptoms in patients with chronic
gastritis (CG).
METHODS: Based on 919 CG subjects, we applied
mutual information feature selection to choose the
positively correlated symptoms with each pattern.
Then, we used the Shi and Malik spectral clustering
algorithm to select the top 20 correlated symp-
toms.
RESULTS: We ascertained the results of six pat-
terns. There were three categories for the pattern of
accumulation of damp heat in the spleen-stomach
(0.00332). There were six categories for the pattern
of dampness obstructing the spleen-stomach
(0.02466). There were two categories for the pat-
tern of spleen-stomach Qi deficiency (0.013 89).
There were three categories for the pattern of
spleen-stomach deficiency cold (0.009 15). There
were five categories for the pattern of liver-Qi stag-
nation (0.01910). There were four categories for the
pattern of stagnant heat in the liver-stomach
(0.00585).
CONCLUSION: Most of the spectral clustering re-
sults of the symptoms of CG patterns were in accor-
dance with clinical experience and Traditional Chi-
nese Medicine theory. Most categories suggested
the nature and/or location of the disease.
© 2014 JTCM. All rights reserved.
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INTRODUCTION
Chronic gastritis (CG) involves chronic inflammation
of the mucosa of the stomach. About 80%-90% of pa-
tients who undergo gastroscopy develop CG. Further-
more, the incidence of atrophic lesions increases gradu-
ally with age,1-3 and CG is characterized by its long
course and insidious development.4
Recently, it is found that Traditional Chinese Medi-
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cine (TCM) is more efficacious than Western Medi-
cine for the treatment of CG.5 However, TCM is
based on differentiation of disease patterns. In recent
years, differentiation of disease patterns has been ac-
cepted as a method and applied widely to study various
diseases.6
In this way, at first, symptoms that are closely related
to each other are clustered as a category. Subsequently,
the pathological meaning suggested by each category is
analyzed in accordance with TCM theories to obtain
previously unknown information. The category and its
pathological meaning are named as "pattern factor". Fi-
nally, all the pattern factors are summed in one phrase:
"pattern". During this process, the clustering of symp-
toms is vitally important .
Recently, a cluster algorithm was introduced into stud-
ies on pattern differentiation. For example, Li et al 7 ap-
plied frequency analysis, logistic regression and cluster
analysis to cases of pneumonia and evaluated the vari-
ous pattern factors involved, i.e., pathogen, nature and
location of disease. Tang et al 8 applied R-type system
cluster analysis to classify symptoms in cases of stom-
ach ache, and discovered six patterns. They then em-
ployed factor analysis to calculate the contribution of
symptoms. Chen et al 9 applied hierarchical clusters to
classify symptoms in cases of gastritis and discovered
three patterns. Studies have suggested that cluster anal-
ysis can be used to classify symptoms according to
their degree of connection, and to choose representa-
tive ones (combined with TCM theories) to simplify
the contents of the categories, thereby making the diag-
nosis simpler and convenient.10
The theories of spectral clustering originated from spec-
tral graph partitioning. Compared with traditional clus-
ter analysis, it is much more adept at clustering in the
sample space of the discretional shape and converging
to the optimal solution of the whole scenario.11 In addi-
tion, it is not as sensitive to anomalous errors. Further-
more, the complexity of spectral clustering is lower
than traditional cluster analysis if it is applied to high-
er-dimensional data such as textual data or image data.
There is little information about the application of
spectral clustering in syndrome clustering.
Based on the considerations stated above, we applied
spectral clustering to study the relationship between
the symptoms and pattern clustering of CG to provide
insights into the pattern research of CG.
MATERIALS ANDMETHODS
The study protocol was approved by the Society of
Medical Ethics connected to hospitals of Shanghai Uni-
versity of TCM. All patients provided written in-
formed consent to participate in this study.
Subjects
Subjects with CG were recruited from the clinics, inpa-
tient departments, and gastroscopy rooms of the Diges-
tive System Department of Longhua Hospital, Shu-
guang Hospital of the Shanghai University of Tradi-
tional Chinese Medicine, Xinhua Hospital, Putuo Dis-
trict Central Hospital, and the Shanghai Hospital of
Traditional Chinese Medicine. All of these institutions
are based in Shanghai, China. A total of 919 subjects
[354 males (45 ± 15) years and 565 females (49 ± 13)
years] were enrolled.
Inclusion and exclusion criteria
Patients who met the diagnostic criteria for CG and
for analyses of TCM patterns were enrolled. Subjects
who were mentally ill, had severe systemic diseases or
who had difficulty describing their conditions were ex-
cluded.
Diagnostic criteria
The diagnosis was based on gastroscopy results, pathol-
ogy results, and clinical performance according to the
National Seminar on Consensus of CG formulated by
the Digestive Diseases Branch of the Chinese Medical
Association in 2006.12
Based on the Diagnosis Guidelines for Clinical Re-
search of New Traditional Chinese Medicine13 issued
by the Ministry of Health, and Pattern Part of TCM
Clinical Diagnosis and Treatment Terminology14 is-
sued by the China State Bureau of Technical Supervi-
sion, eight patterns of the TCM were assessed. These
patterns were: (a) accumulation of damp heat in the
spleen-stomach; (b) dampness obstructing the
spleen-stomach; (c) Qi deficiency in the spleen-stom-
ach; (d) cold deficiency in the spleen-stomach; (e) liver
stagnation; (f) stagnant heat in the liver-stomach; (g)
Yin deficiency in the stomach; (h) blood stasis in the
stomach collateral.
Method for establishing the diagnostic scales of TCM
studies
The research team undertaking this study comprised se-
nior clinical experts on the digestive system, physi-
cians, and clinical researchers based in Shanghai. The
final diagnostic scales for TCM studies were drafted
based on: previous experience in the production of
such scales;15 a wide range of literature on diseases of
the spleen and stomach; Chinese scientific and techni-
cal articles selected by the Institute of Scientific and
Technical Information of China over 15 years; reports
on the frequency of symptoms associated with the
TCM patterns of CG. The scales were also amended
by two rounds of expert consultation and statistical
tests. The scales comprised eight dimensions: cold or
hot sweat; head, chest and abdomen; urine and stools;
diet and taste; sleep; mood; female aspects; and con-
tents of disease history, inspection, and palpation. Ulti-
mately, >113 variables were included in the scales.
Investigation methods
Clear definitions of symptoms, specific methods, and
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the order of the diagnosis were given in the scales. Re-
searchers carrying out the sampling underwent the
same training. Members of the research team met regu-
larly and discussed patient information to ensure con-
sistency of collected data.
Diagnostic methods
Three very experienced senior chief physicians were in-
vited to judge the diagnoses of the patients made by
our research team. The case was included if two of
these senior clinicians came to the same diagnosis.
Data management
First, a database was created using EpiData software
(EpiData Association, Copenhagen, Denmark). Data
were inputted into the database on two independent
occasions. EpiData software compares the two datasets
and checks for mistakes. Finally, we checked the inves-
tigation form to ensure no filling errors were made.
Data analyses
Realization of the spectral clustering algorithm can be
achieved in several ways based on different criterion
functions and general mapping methods. In general,
three steps are involved: (a) construction of a sample
set affinity matrix, (b) construction of a feature vector
space by calculating the eigenvalue of Z and the feature
vector of k, and (c) use of the K-means or another clas-
sic clustering algorithm feature vector in the feature
vector space.
Classic algorithms include the Shi and Malik (SM),16
Ng-Jordan-Weiss (NJW),17 and Meila and Shi (MS).18
The SM algorithm was used in the present study. SM
is a heuristic algorithm that aims to minimize the nor-
malized cut (NCut) presented by Shi and Malik. They
restrained the term xWe=xTDe=0 and minimized
NCut (A, B) via X relaxation to a continuous domain,
then transformed to the problem of the minimum real
eigen value in (D-W) x=Dx using the Rayleigh quo-
tient principle. Optimizing the segmentation criterion
can enable transformation to calculate the minimum of
the first k in the feature vector using the quality of the
normative Laplacian matrix L. The corresponding fea-
ture vector is arranged and clustering can proceed.
To determine the optimal clustering number, we used
the BWP evaluation score in a spectral clustering pro-
cess that considers the relationship of each variable as
well as its cluster, and the relationship of each variable
and its neighboring cluster.19 In the cluster, the average
distance between each variable and all other variables
was calculated, which reflected dissimilarity within the
cluster. The minimum distance between the variable
and variables of other clusters was calculated, which re-
flected dissimilarity between clusters. The smaller the
within-dissimilarity value, the better the performance
of the algorithm; a larger between-dissimilarity value al-
so indicates improved performance. Linear combina-
tion was used to balance within-dissimilarity and be-
tween-dissimilarity values to obtain the evaluation in-
dex. The larger the evaluation index, the better the per-
formance of the algorithm.
RESULTS
The present study was based on 919 CG patients in-
volving six patterns comprising 133 symptoms. We ap-
plied mutual information-based feature selection to
choose 20 positive-correlation symptoms for each pat-
tern.20 Then, we used the SM spectral clustering algo-
rithm to cluster the affinity matrix of the chosen symp-
tom. The condition under which the symptoms of
each pattern were clustered was categorized. There
were three categories for the pattern of accumulation
of damp heat in the spleen-stomach (0.003 32). There
were six categories for the pattern of dampness ob-
structing the spleen-stomach (0.024 66). There were
two categories for the pattern of spleen-stomach Qi de-
ficiency (0.013 89). There were three categories for the
pattern of spleen-stomach deficiency cold (0.009 15).
There were five categories for the pattern of liver-Qi
stagnation (0.019 10). There were four categories for
the pattern of stagnated heat in the liver-stomach
(0.005 85). The scores of other clustering conditions
are shown in Table 1. Table 2 shows the symptoms in-
volved in each category of the clustering condition
with the highest score.
The condition under which the symptoms of the pat-
tern of accumulation of damp heat in the spleen-stom-
ach were clustered into three categories had the highest
Pattern
Accumulation of damp heat in the spleen-stomach
Dampness obstructing the spleen-stomach
Spleen-stomach Qi deficiency
Spleen-stomach deficiency cold
Liver-Qi stagnation
Stagnant heat in the liver-stomach
Clustering condition
Two
0.003 16
0.007 77
0.013 89
0.005 67
0.008 78
0.003 31
Three
0.003 32
0.019 15
0.011 32
0.009 15
0.012 61
0.004 96
Four
-
0.022 47
0.012 72
-
0.014 44
0.005 85
Five
-
0.021 58
-
-
0.019 10
-
Six
-
0.024 66
-
-
-
-
Table 1 Scores of six patterns from the cluster analysis
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score. Category 1 involved a greasy taste, bitter taste in
the mouth, and a retrosternal burning sensation. Cate-
gory 2 involved a yellow coating on the tongue, red
tongue, dark-red tongue, and preference for the cold.
Category 3 involved a greasy, thick, middle of the
tongue as well as a dry and mixed yellow-white coating
on the tongue.
The condition under which the symptoms of the pat-
tern of dampness obstructing the spleen-stomach were
clustered into six categories had the highest score. Cate-
gory 1 involved cold limbs and fixed pain. Category 2
involved a teeth-marked tongue and fat tongue. Cate-
gory 3 involved a slippery pulse and yellow urine. Cate-
gory 4 involved a greasy, thick, white coating on the
tongue. Category 5 involved a whitish tongue and
whitish lips. Category 6 involved a dark to dark-purple
tongue.
The condition under which the symptoms of the pat-
tern of spleen-stomach Qi deficiency were clustered in-
to two categories had the highest score. Category 1 in-
volved fatigue, dizziness, and heaviness of the body.
Category 2 involved a white coating on the tongue,
teeth-marked tongue, whitish tongue, fat tongue, whit-
ish lips, loose stools, thin coating on the tongue, and a
whitish complexion.
The condition under which the symptoms of the pat-
tern of spleen-stomach deficiency cold were clustered
into three categories had the highest score. Category 1
involved a white coating on the tongue, a whitish
tongue, and thin coating on the tongue. Category 2 in-
volved a preference for warmth and cold pain. Catego-
ry 3 involved cold limbs and loose stools.
The condition under which the symptoms of the pat-
tern of liver-Qi stagnation were clustered into five cate-
gories had the highest score. Category 1 involved aggra-
vation after anxiety or anger, distended pain in the
chest and hypochondriac area, and stomach distension.
Category 2 involved pain of unfixed location and fixed
pain. Category 3 involved a preference for pressure,
preference for warmth, and cold pain. Category 4 in-
volved belching and stabbing pains. Category 5 in-
volved aggravation after eating and a white coating on
the tongue.
The condition under which the symptoms of the pat-
Pattern
Z1 Accumulation of damp
heat in the spleen-stomach
Z2 Dampness obstructing the
spleen-stomach
Z3 Spleen-stomach Qi
deficiency
Z4 Spleen-stomach deficiency
cold
Z5 Liver-Qi stagnation
Z6 Stagnant heat in the
liver-stomach
Category
1
2
3
1
2
3
4
5
6
1
2
1
2
3
1
2
3
4
5
1
2
3
4
Symptom
Greasy taste, bitter taste in the mouth, retrosternal burning sensation
Yellow tongue coating, red tongue, dark-red tongue, preference for cold
Greasy, thick middle of the tongue; dry, mixed yellow and white tongue coating
Cold limbs, fixed pain
Teeth-marked tongue, fat tongue
Slippery pulse, yellow urine
Greasy, thick and white tongue coating
Whitish tongue, whitish lips
Dark tongue, dark-purple tongue, tongue with purplish macules
Fatigue, dizziness, heaviness of the body
White tongue coating, teeth-marked tongue, whitish tongue, fat tongue, whitish lips,
loose stools, thin tongue coating, whitish complexion
White tongue coating, whitish tongue, thin tongue coating
Preference for warm; cold pain
Cold limbs, loose stools
Aggravation after anxiety or anger, distending pain in the chest and hypochondriac
area, stomach distension
Pain of unfixed location, fixed pain
Preference for pressure, preference for warm; cold pain
Belching, stabbing pain
Aggravation after eating, white tongue coating
Distending pain in the chest and hypochondriac area, empty sensation in the stomach
Red tongue, red lips, yellow tongue coating
Burning pain, preference for cold; thin tongue
Dry stools, thirst, insomnia
Table 2 Highest scores of symptom clustering
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tern of stagnant heat in the liver-stomach were clus-
tered into four categories had the highest score. Category
1 involved pain in the chest and hypochondriac area,
and an empty sensation in the stomach. Category 2 in-
volved a red tongue, red lips, and yellow coating on
the tongue. Category 3 involved burning pain, prefer-
ence for the cold, and a thin tongue. Category 4 in-
volved dry stools, thirst, and insomnia.
DISCUSSION
We obtained the clustering results of the symptoms of
six patterns. To understand the meaning represented
by every category in the six patterns, we used TCM
theory to analyze them, as shown below.
Accumulation of damp heat in the spleen-stomach
The greasy taste, bitter taste in the mouth and retroster-
nal burning sensation involved in the first category are
features of fire flowing upwards with dampness. This
category suggests the nature of the disease. The yellow
coating on the tongue, red to dark-red tongue, and
preference for cold involved in the second category are
typical features of the internal excessive-heat syn-
drome. Undoubtedly, this category also suggests the na-
ture of the disease. Among of the five symptoms in-
volved in the third category, a greasy and thick tongue
coating is a typical symptom of dampness syndrome. A
dry coating on the tongue, as well as a mixed yellow
and white coating on the tongue, is a typical symptom
of the heat syndrome. Moreover, the middle of the
tongue reflects pathological changes in the spleen and
stomach. Consequently, the third category indicated
the location of disease, and this pattern was a mixed
one of dampness and heat syndrome. Most symptoms
of this pattern were related to the condition of the
tongue. We presume that other typical symptoms of
the pattern of accumulation of damp-heat in the
spleen-stomach (e.g., yellowish body and eyes, failure
to relieve fever after sweating) are not as common as
the condition of the tongue in the symptoms of CG pa-
tients. Hence, they were not chosen as the 20 posi-
tive-correlation symptoms.
Dampness obstructing the spleen-stomach
The reason why cold limbs and fixed pain were in-
volved in the first category may be because retention of
dampness in the viscera or meridians stagnates the run-
ning of Qi and blood, leading to the failure of the
warmth function of Qi and blood stasis. Hence, this
category showed the clinical characteristics of damp
evil and suggested the nature of the disease. The
teeth-marked tongue or fat tongue involved in the sec-
ond category is a distinctive feature of the body of the
tongue, which suggests the internal retention of damp-
ness. Therefore, the greasy, thick, white coating on the
tongue involved in the fourth category was a distinc-
tive feature of tongue coating, which also suggests inter-
nal retention of dampness. Similarly, this category
showed the nature of the disease. The whitish tongue
or whitish lips involved in the fifth category usually
means deficiencies in Qi and blood. As a result of this
phenomenon, damp evil impedes the spleen and stom-
ach to transform the essence of water and food into Qi
and blood and nourish the tongue or lips. Thus, this
category suggests that damp evil often affects the func-
tion of the spleen and stomach, and suggests the loca-
tion of the disease. In addition, a dark tongue,
dark-purple tongue, or tongue with purplish macules
involved in the sixth category means internal retention
of blood stasis. This category suggests a relationship be-
tween damp evil and blood stasis.
Spleen-stomach Qi deficiency
The fatigue, dizziness, and heaviness of the body in-
volved in the first category suggest Qi-deficiency,
which is due to the essence of water. Hence, food can-
not transform into Qi and blood because of spleen-Qi
deficiency and the weakness of transportation and
transformation. Hence, this category implies the impor-
tance of observing the patient's movement for diagnos-
ing the pattern of spleen-stomach Qi deficiency. The
symptoms involved in the second category (white coat-
ing on the tongue, whitish tongue, whitish lips, thin
coating on the tongue, and whitish complexion) are
symptoms based upon the condition of the mouth and
tongue, which suggest blood deficiency. The condition
around the lips shows the physiological function of the
spleen-stomach. Therefore, this category suggests the
location of the disease. Furthermore, the teeth-marked
tongue, fat tongue, and loose stools in this category
suggest internal retention of dampness on account of
dysfunctions of transportation and transformation in
spleen-Qi. Hence, the second category suggests that
the functions of spleen-stomach Qi are the main points
of the diagnosis.
Spleen-stomach deficiency cold
The white coating on the tongue, whitish tongue, and
thin coating on the tongue involved in the first catego-
ry are distinctive features of the condition of the
tongue, which suggest internal excessive-cold. This cat-
egory suggests the nature of the disease. The cold pain
and preference for warmth involved in the second cate-
gory are distinctive feelings in the abdomen, which al-
so suggests internal excessive-cold. Hence, this category
shows the nature and location of disease. The cold
limbs and loose stool involved in the third category
suggest dysfunctions of spleen-Yang in terms of warm-
ing and transformation. Therefore, this category also
reveals the nature of the disease.
Liver-Qi stagnation
The distended pain in the chest and hypochondriac ar-
ea, stomach distension, as well as aggravation after anxi-
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ety or anger involved in the first category could be due
to the failure of the liver to disperse and convey, inva-
sion of adverse flowing liver-Qi into the stomach, and
failure of stomach-Qi to descend. Hence, this category
shows the nature and location of the disease. The pref-
erence for pressure, preference for warm, and the cold
pain involved in the third category implies that the liv-
er and stomach are affected by cold evil. The belching
and stabbing pain involved in the fourth category her-
alds disturbances in the movements of Qi. Therefore,
this category also suggests the nature of the disease.
The aggravation after eating and the white coating on
the tongue involved in the fifth category suggest
Qi-stagnation, which results from dysfunctions of
stomach-Qi in receiving and resolving food. Thus, this
category also indicates the location of the disease.
Stagnant heat in the liver-stomach
The distending pain in the chest and hypochondriac ar-
ea, as well as an empty sensation in the stomach in-
volved in the first category may be because liver-Qi
fails to disperse and then transforms into liver-fire to
detract from stomach-Yin. Hence, this category shows
the nature and location of the disease. The red tongue,
red lips, yellow coating on the tongue involved in the
second category heralds heat syndromes. The burning
pain and preference for cold involved in the third cate-
gory are typical features of febrile pain. A thin tongue
suggests consumption of body fluids by exuberant
heat. Hence, these two categories suggest the nature of
the disease. The dry stools and thirst involved in the
fourth category implies that the stomach is lacking
body fluids, and insomnia results from the pathogenic
heat that disturbs the heart spirit. Consequently, this
category shows the location of the disease.
Based on the analyses detailed above, most of symp-
tom clusters were in accordance with TCM theory and
clinical settings. Most categories suggested the nature
or location of the disease. However, we could not estab-
lish connections between some symptoms in certain
categories by using TCM theory. These included a slip-
pery pulse and yellow urine (involved in the third cate-
gory of the pattern of dampness obstructing the
spleen-stomach) as well as pain of unfixed location and
fixed pain (involved in the second category of the pat-
tern of liver-Qi stagnation). Furthermore, we found
that identical symptoms could be involved in different
patterns but had different pathological meaning. This
finding suggests that we should not separate each symp-
tom but instead connect them when we carry out anal-
yses.
Our findings revealed the nature and location of CG.
Spectral clustering did not simply divide symptoms in-
to only two categories, but rather several categories.
Symptoms included in the same category were closely
associated with each other except for a few categories.
Connections were basically in accordance with TCM
theory. Connections between some symptoms in a few
categories could not be established using TCM theory,
and this inconsistency merits further study.
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